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ABSTRACT
The Lonchodinae (Phasmatodea: Phasmatidae) is rich in insect species with more than 330 species of
40 genera. The phylogenetic relationships within Lonchodinae have been under debate. We success-
fully sequenced the complete mitogenome of Eurycantha calcarata Lucas, 1869 (Phasmatodea:
Lonchodinae) with a length of 16,280bp, which had the same genes and gene arrangements as those
of various published papers on stick insects. The whole mitogenome and control region of E. calcarata
had a high AT content of 78.2 and 85.9%, respectively. All PCGs used ATN as the start codon, and
most PCGs used TAA/TAG as the stop codons excluding COX2 (T), COX3 (TA), and ND5 (TA). To discuss
the phylogeny of Lonchodinae, we reconstructed the phylogenetic relationships of 27 species of
Phasmatodea including E. calcarata and two species of Embioptera used as outgroups. In BI and ML
trees, the monophyly of Lonchodinae and Necrosciinae was well supported, whereas the monophyly of
Clitumninae was not recovered. These results indicated that Lonchodinae was a sister clade to
Phylliinae and E. calcarata was a sister clade to Phraortes genus.
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The phylogenetic relationships of Phasmatodea have always
been unstable at high levels, and the phylogeny of the spe-
cies-rich Lonchodinae remains unresolved (Bradler and
Buckley 2018). Bradler et al. (2014) showed that Lonchodinae
had a close relationship with Necrosciinae using three
nuclear genes (18S and 28S rDNA, histone 3) and three mito-
chondrial genes (COX2, 12S, and 16S rRNA), which was con-
sistent with the results of Tihelka et al. (2020). Song et al.
(2020) supported that Lonchodinae was a sister clade to
Phylliinae based on mitogenomes, which was also the results
of some other studies (Zhou et al. 2017; Forni et al. 2021).
However, some authors failed to recover the monophyly of
Lonchodinae (Kômoto et al. 2011). More mitochondrial
genomes need to be sequenced to clarify the monophyly of
Lonchodinae. Therefore, we sequenced the mitogenome of
Eurycantha calcarata Lucas, 1869 (Phasmatodea:
Lonchodinae) to further discuss the phylogenetic relationship
of Lonchodinae within Phasmatodea.

The samples of E. calcarata (Samples No. XJNY20200721-
XJNY20200723) were retrieved from an insect-pet market in
China, the source area being New Britain Island, Papua New
Guinea (5�440 S 150�440 E). The samples were deposited at
the Animal Specimen Museum, College of Life Sciences and
Chemistry, Zhejiang Normal University, China (http://sky.zjnu.
edu.cn/, Zhang JY, zhang3599533@16.com) under the vou-
cher number XJNY20200721-XJNY20200723). Total DNA was

extracted from foreleg muscle by Ezup Column Animal
Genomic DNA Purification Kit (Sangon Biotech Company,
Shanghai, China) and stored as the same place of samples.
Universal primers were used to amplify some fragments of
the mitogenome according to the methods of Zhang et al.
(2018) using Sanger Sequencing. Then, the remaining gaps
were sequenced by utilizing species-specific primers accord-
ing to previously obtained sequences.

The complete mitochondrial genome of E. calcarata
(GenBank No. MW915467) was a typical circular DNA mol-
ecule with a length of 16,280 bp. The mitochondrial genome
of E. calcarata had the same genes and gene arrangements
as those previously published for other stick insect species
with 37 genes, including 13 PCGs, 22 tRNA genes, and two
rRNA genes. The whole mitogenome and the control region
of E. calcarata had a high AT content of 78.2 and 85.9%,
respectively. The content of A was higher than T, and the
content of G was higher than C. Twenty-four copies of tan-
dem repeat regions with lengths of 32 bp each as well as
two tandem repeat regions of 19 bp were found in the con-
trol region. All PCGs used ATN (N represents A, G, C, or T) as
the initiation codon. Typical termination codons (TAA/TAG)
were found in most PCGs, except for three incomplete ter-
minal codons: COX2 (T), COX3 (TA), and ND5 (TA). The 16S
rRNA gene was located between trnL1 and trnV with a length
of 1293 bp, whereas the 12S rRNA gene was located between
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trnV and the control region with a length of 763 bp. The AT
content of 16S rRNA and 12S rRNA genes was 79.5 and
75.7%, respectively. The length of the 22 tRNA genes was
ranged from 62 to 70bp. There were 19 tRNA genes that
could be folded into the common cloverleaf model, except
for trnS1that lacked the dihydrouridine (DHC) arm, trnR that
lost the DHC loop, and trnN that lacked the TWC loop.

To discuss the phylogenetic relationships of Phasmatodea,
29 species including E. calcarata were used; 28 mitochondrial
genomes were downloaded from NCBI, including 26 species
of Phasmatodea used as ingroups and two species of
Embioptera used as outgroups (Cameron et al. 2006; Kômoto
et al. 2011; Plazzi et al. 2011; Tomita et al. 2011; Kômoto et
al. 2012; Song et al. 2016; Mikheyev et al., 2017; Zhou et al.
2017; Song et al. 2020; Dong et al. 2021). We aligned each of
13 protein-coding genes using Clustal W in the program
Mega version 7. 0 (Kumar et al. 2016) and the program
Gblock 0. 91b was used to identify conserved regions
(Castresana 2000). The resulting alignments were concaten-
ated with Geneious version 8.1.6 (Kearse et al. 2012). The
phylogenetic relationship was constructed based on the 13
PCGs of the 29 species using Bayesian inference (BI) and
maximum-likelihood (ML) methods via the programs MrBayes
version 3.1.2 (Huelsenbeck and Ronquist 2001) and RAxML
version 8.2.0 (Stamatakis 2014). In ML and BI analyses (Figure
1), Timematinae was located at the base of Phasmatodea,
and the internal relationships of clades I–III showed identical
topology. The monophyly of Lonchodinae and Necrosciinae
was supported, whereas the monophyly of Clitumninae failed
to recover. All phylogenetic results indicated that
Lonchodinae was a sister clade to Phylliinae, which is consist-
ent with other studies (Song et al. 2020; Forni et al. 2021). E.
calcarata was a sister clade to Phraortes genus, then the

clade of (E. calcarata þ Phraortes) was a sister clade to
Megalophasma granulatum.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This work was supported by the Natural Science Foundation of Zhejiang
Province [LY18C040004], the College Students’ Innovation and
Entrepreneurship Project of China [201910345030, 202010345026, and
202110345014], and the College Students’ Innovation and
Entrepreneurship Project of Zhejiang Province [202010345R128]. The fun-
ders had no role in study design, data collection and analysis, decision
to publish, or preparation of the manuscript.

ORCID

Kenneth B. Storey http://orcid.org/0000-0002-7363-1853
Dan-Na Yu http://orcid.org/0000-0002-9870-1926
Jia-Yong Zhang http://orcid.org/0000-0002-7679-2548

Data availability statement

The genome sequence data that support the findings of this study are
openly available in GenBank of NCBI (at https://www.ncbi.nlm.nih.gov/
nuccore/MW915467) under the accession no MW915467.

References

Bradler S, Buckley TR. 2018. Biodiversity of Phasmatodea. In: Adler PH,
Foottit RG, editors. Insect biodiversity: science and society. Hoboken
(NJ): John Wiley and Sons; p. 281–313.

Micadina phluctainoides AB477466

Phraortes sp. Miyako Island AB477465

Megacrania alpheus adan AB477471

Bacillus atticus GU001955

Calvisia medogensis KY124330

Megalophasma granulatum KY124331

Ramulus irregulariterdentatus AB477463

Aposthonia japonica AB639034

Eurycantha calcarata  MW915467

Micadina brachyptera MT025192

Heteropteryx dilatata AB477468

Extatosoma tiaratum AB642680

Phraortes sp. 1NS-2020 MT025191

Phraortes illepidus AB477460

Neohirasea japonica AB477469

Ramulus hainanense FJ156750

Phyllium westwoodii MW2290

Phraortes sp. Iriomote Island AB477464

Phyllium tibetense KX091862

Sipyloidea sipylus AB477470

Timema californicum DQ241799

Dryococelus australis AP018522

Entoria okinawaensis AB477459

Bacillus rossius GU001956

Pharnaciini sp. NS-2020 MT025193

Phobaeticus serratipes AB477467

Orestes mouhotii AB477462

93/1

100

100

100

50/1

50/0.94

100/1

89

71/1

100

100/1

100/1

100/1

100/1

80/1

97/1

100/1

100/1

100/1

52

93/1

Phyllium giganteum AB477461

/0.90

Embioptera

Timematinae

Dataminae

Heteropteryginae

Phylliinae

Lonchodinae

Necrosciinae

Bacillinae

Clitumninae

Extatosomatinae

Megacraniinae

Clitumninae

Phasmatinae

ML

0.2

Heteropteryx dilatata AB477468

Orestes mouhotii AB477462

Bacillus rossius GU001956

Bacillus atticus GU001955

1

1

1

0.5

0.58

0.90

0.80

Timema californicum DQ241799

Aposthonia japonica AB639034

Aposthonia borneensis KX091848

1

Aposthonia borneensis KX091848

Clade Ⅰ

CladeⅡ

CladeⅢ

Clade Ⅰ

CladeⅡ

CladeⅢ

BI

0.3

(A) (B)

Figure 1. Phylogenetic relationships of Phasmatodea inferred from ML analysis (A) and BI analysis (B). The relationships of the phylogenetic tree among 27 species
of Phasmatodea including E. calcarata (MW915467) used ingroups and two species of Embioptera used outgroups based on the nucleotide dataset of the 13 mito-
chondrial protein-coding genes. The phylogenetic relationships within clade I, clade II and clade III showed the same topology in BI and ML trees, respectively. The
clade I included three species of Phylliinae and six species of Lonchodinae, the clade II included five species of Necrosciinae, and the clade III included the two spe-
cies of Bacillinae, one species of Megacraniinae, one species of Extatosomatinae, one species of Phasmatinae, and five species of Clitumninae. Numbers around the
nodes are the posterior probabilities of BI (right) and the bootstrap values of ML (left). The GenBank accession numbers of all species are shown in the figure. Black
squares at nodes of the ML analysis indicate posterior probability less than 50 and black triangle at nodes of the BI analysis indicate bootstrap value less than 0.5.
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